Purpose: Long-term treatment adherence for a chronic asymptomatic condition is a demanding task for many patients. Treating progressive glaucoma can also be confounding for physicians, particularly when management relies on assumption of adherence. This study investigated associations between self-reported adherence and frequency of medication changes due to glaucoma progression. Methods: A total of 128 participants with primary open angle glaucoma were recruited from glaucoma clinics in Flinders Eye Center, South Australia, and completed confidential questionnaires. Information was obtained regarding beliefs about glaucoma and their treatment. Adherence was assessed using the four-item Morisky, Green and Levine Medication Adherence Questionnaire (MGL). Medical records were analyzed for the number of medication changes, due to glaucoma progression. Results: Adherence to topical glaucoma medication was categorized as 'high' in 41.4% (Morisky, Green and Levine (MGL). Data were analyzed for behaviors affecting adherence, history of adherence, and reasons for changed adherence. Chi-squared test demonstrated that there was no significant association noted between adherence and changes in medication regime (χ 2 (2,128)=0.968, P=0.915); however, a significantly lower adherence was detected if participants had difficulties with their drop regime (χ 2 (2,128)=7.24, P=0.027) or had help with drop insertion (χ 2 (1,128)=9.77, P=0.008).
Plain language summary
Glaucoma detection and management is a significant chronic health care burden. In order to ensure value from any treatment provided for individuals with glaucoma, it is important that we evaluate patients' adherence to prescribed medication and discuss how to optimize the information received in a meaningful way. This study makes a valuable contribution to the literature by demonstrating significant levels of non-adherence with medication in a large population of people with glaucoma. It also reveals that effective adherence monitoring should be independent from the treating medics and that adherence monitoring should be a vital part of glaucoma management. Consideration of these factors should be incorporated into glaucoma patient treatment regimes.
Introduction
The WHO categorizes glaucoma as the second leading cause of preventable blindness, with primary open-angle glaucoma (POAG) accounting for the largest proportion. 1 Glaucoma prevalence is estimated to be 3% for people over 40 years, increasing to 10% for people over 70 years. 2 Glaucoma care costs are currently estimated at $2.9 billion (US) and $144.2 million (Australia), 2 and this is likely to increase as the population ages in developed countries. As glaucoma care costs increase with disease severity, 3 preventing progression is imperative to limit cost escalation. Topical hypotensive therapy is the primary treatment option, the aim of which is to reduce intra-ocular pressure (IOP) to a "target" level. This "target" level varies depending on diagnosis and disease severity, but is aimed at preventing further glaucomatous damage. 4 Presently, there is no firm evidence to substantiate that non-adherence to topical medication results in progression. 5 This is largely due to the difficulties in measuring non-adherence in glaucoma patients. It is well known that the treating physicians' ability to judge adherence is poor. [6] [7] [8] [9] Several methods have been utilized in efforts to assess adherence in patients, which have resulted in non-adherence figures for topical glaucoma medication varying from 12% to 60%. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Several studies have utilized electronic dosing aids to measure adherence to topical medication. These dosing aids are embedded with an electronic chip that records the time and date the drop container is opened and closed. Cate et al 11 compared an electronic adherence monitor with self-reported adherence in a trial involving 208 participants. They found that patients significantly overestimated their adherence compared to the electronic monitoring measurement. Chang et al 10 used a two-phase study to develop a predictive model for non-adherence (n=122). They first used an electronic monitor to measure adherence over a 3-month period; the second phase then used the same drop monitor and an alert system in an attempt to improve adherence. They found that black ethnicity, a lower self-reported adherence rate, and a shorter duration of glaucoma treatment were all positive indicators of non-adherence. The Travatan Dosing Aid study (n=196) 7 reported electronic dosing aid median adherence to be 71%, notably lower than self-reported adherence (95%). Adherence, which was assessed from 3 weeks after the initial visit to 2 weeks before the follow-up visit, was defined as patients taking 75% of the prescribed daily dose. 7 Electronic dosing aids, although considered to be the gold standard of adherence measures, have their limitations.
They are expensive, can only be used over short periods, are only available for certain medications, and as patients are aware of monitoring, could result in increased adherence compared to "typical" behavior. They also assume that evidence of recorded doses is evidence of instillation. Additionally, many of the studies using electronic dosing aids only include participants on monotherapy (one type of drop), which has been shown to have better adherence than those prescribed additional medication. 21, 22 Furthermore, Okeke et al 7 reported a marked increase in adherence just before clinic appointments. They also found that treating doctors were unable to distinguish patients that were deemed adherent with using their eyedrops (95% used) from those that were deemed non-adherent (20% used). These highlight the difficulties treating physicians face with managing progressive glaucoma, especially when patients demonstrate good IOP control. Numerous studies have attempted to judge adherence by looking at prescription refills and pharmacy records. Medication possession ratio (MPR) is the amount of medication a patient has (days' supply) divided by the time (number of days) between prescription refills. Insufficient medication over a period results in an MPR <1. The Glaucoma Adherence and Persistence Study (GAPS) 23 is the largest retrospective study to measure adherence. Pharmacy claims were analyzed for 13,977 subjects, and a mean MPR of 0.64 was reported, over a follow-up period of 22 months. However, the main limitation of using MPR to determine adherence is that possession of medication is not evidence of instillation. Also, if repeated prescriptions are given with other medications, then patients may be "stockpiling" rather than being adherent.
Questionnaires have been used extensively to investigate self-reported non-adherence to medicines. 11, 12, 14, [23] [24] [25] [26] [27] Understanding the reasons behind non-adherence, and addressing these issues, could be invaluable in improving future adherence. However, since there is no available standardized, validated questionnaire, specifically designed to assess adherence to topical medication, comparison between studies is difficult. In addition, physicians involved in glaucoma care often conduct these questionnaires, and patients are less likely to admit to non-adherence in this situation. 8 This study investigated self-reported adherence in POAG by a researcher independent of the care team. Uniquely, this study also assessed the effect that changes in medication regimes have on adherence.
Methods
This study received ethical approval from Ulster University Biomedical Sciences Ethics Filter Committee and South Australia Health Human Research Ethics Committee. All participants gave written informed consent prior to involvement in the study. Consecutive patients with POAG were recruited from specialist glaucoma clinics within Flinders Eye Center (South Australia) from May 2013 to May 2014. Eligible participants had a confirmed diagnosis of POAG and had been using topical glaucoma medication for at least 3 years. Participants were excluded if they had undergone previous glaucoma surgery, were using topical medication for any other eye condition, were over 85 years old, or unable to read English. Participants were given a full explanation of the study and written informed consent was obtained.
Participants were escorted to a quiet room to complete the questionnaire in private. Once given the questionnaire, it was reiterated that all responses were completely anonymous and that their treating physician would have no access to any information given to the researcher.
Participant records were later examined once the patient had left the clinic and the numbers of medication changes were recorded. Medication changes were only included if the reason for change was due to evidence of progression (ie, from IOP measurements, visual fields progression, or Optical Coherence Tomography [OCT] analysis). They were not included if the rationale for change was due to side effects of eye drops or problems with administration.
Questionnaire
To explore medication adherence in POAG, a customized questionnaire was developed, which included questions adapted from the Morisky, Green and Levine Medication Adherence Questionnaire (MGL) 28 and was based on analysis of existing studies and questionnaire design specific to POAG. The MGL is an extensively used questionnaire which has been validated for use with oral hypertensive medications and patients with Type 2 diabetes. 28, 29, 30 Questions from the MGL were used in the present study, comprising four questions with an option of a yes/no response. A "yes" was given a score of 0 and a "no" 1. Therefore, total scores varied between 0-4. The adherence scores were calculated, and participants were categorized as: MGL=0-1 representing low adherence, MGL=2-3 representing moderate adherence and MGL=4 representing high adherence. Other questions included in the questionnaire assessed patients' knowledge and beliefs about glaucoma, necessity of medication, and the trust they had in their doctor and their treatment, as well as factors that can predict non-adherence, based on previous reports of glaucoma medication adherence. [10] [11] [12] 14, 23, 25, 31, 32 Questions also assessed patients' use of eye drops, and their routine and insertion techniques. An independent researcher, a qualified optometrist not involved with the participants' treatment regime, administered the questionnaire. Participants were allowed an open dialogue and encouraged to volunteer as much information as possible to make them feel more comfortable in admitting non-adherence. Any participants who had specific concerns that could not be answered by the researcher were encouraged to discuss these with their glaucoma physician.
Data were entered into SPSS version 21.0 and demographic and adherence behaviors were compiled. Analysis of the medication change data found a non-normal distribution, and median values were therefore reported. Medication changes were therefore grouped into three categories: group 1 (0 changes), group 2 (1 change), and group 3 (2-4 changes). Non-parametric chi-squared analyses were employed to assess adherence and behaviors.
Results
Of the 138 participants recruited, ten were excluded for the following reasons: four participants had previous trabeculectomies, three had been on topical medication for less than 3 years, one had experienced angle closure, and two had their drops inserted by a carer in a nursing home.
Almost half of the participants were male (47.7%) and the median age was 72.5 years (SD ±9.86). A large proportion (71.1%) of participants had a family history of glaucoma. The majority of participants in the study lived with family (75.8%). A large proportion of the sample (87.5%) was taking other chronic medications in addition to their glaucoma eye drops. The median time since diagnosis of POAG was 9 years (SD ±5.89).
Adherence
For the remaining 128 participants, complete adherence to topical medication was found in 41.4% (MGL=4). 'Moderate adherence' was demonstrated by 69 participants (53.9%) and 'low adherence' by six participants (4.7%). The reasons cited for non-adherence that participants mentioned more than once are included in Table 1 . Table 2) .
Demographics and adherence

History of adherence
The majority of participants (n=107, 83.6%) reported no change in adherence behavior over the previous 6 months. A chi-squared test demonstrated that participants who reported no change in adherence behavior were more likely to be in the 'high adherence' group (χ 2 (4,128)=15.89, P=0.03). Of the remaining 21 participants, 12 reported that they used their medication more regularly over the previous 6 months, and nine less regularly. Table 3 summarizes the reasons given for changes in adherence.
Knowledge of disease/patient perception
Less than half the participants (47.7%) felt they knew "a lot/fair amount" about their glaucoma condition (Table 4) .
A chi-squared test demonstrated no significant associations between adherence and participants' perception of their knowledge of glaucoma when glaucoma knowledge was categorized as knowing a 'lot', 'a fair amount', 'very little' or 'none', χ 2 (6,128)=2.56, P=0.862 ( 
Treatment of glaucoma
A large proportion of patients (66.4%) were very happy with their treatment of glaucoma, the remainder were mostly happy (29.7%), and a very small proportion (3.9%) unhappy. Chi-squared test revealed that participants reporting that they were "happy" with their treatment were more likely to be adherent with their treatment, however this did not reach statistical significance, χ 2 (2,128)=8.41, P=0.078) ( Table 5 ).
When asked if they thought their eye drops were working, half (50%) thought that their eye drops were working, almost half (46.1%) replied that they were not sure, and the remainder (3.9%) responded "no".
Use of eye drops
Most participants (89.1%) reported that they were confident with their eye drop regime. The majority of participants used their drops either once daily (54.7%) or twice daily (39.1%), and 6.3% used them more than three times daily. Similarly, most participants used either one (60.9%) or two types of drops (33.6%), with 5.5% of participants using three types of drops. Chi-squared test illustrated no significant associations between the frequency of drop regime and adherence (χ 2 (3, n=128)=2.47.46, P=0.872). The majority of participants (82.8%) did not find their drop regime "hard to follow". Chisquared analysis indicated that participants with no difficulties following with their drop regime had significantly higher adherence than those who reported difficulties, (χ 2 (2,128) =7.24, P=0.027) ( Table 6 ). Eye drops stinging on insertion was reported as "always" by 13.3% of participants and "sometimes" by 32.0%. Side effects using drops was reported by 24.2% of participants: the most common side effect reported was red eyes (14.1%). There was no association found between participants that reported "drops stung on insertion" and their adherence (χ 2 (4,128)=1.24 P=0.871).
The majority of participants reported that they were "always" confident inserting their drops (73.4%), with 15.6% reporting confidence with drop insertion "most of the time", 6.3% "occasionally", and 4.7% "never". Chisquared test revealed that over half the participants (52.3%) had help with drop insertion at home if they required it, and were more likely to be in the low-adherence group (χ 2 (1,128]=9.77, P=0.008). Just over a third (37.5%) could recall being shown how to instill eye drops properly or "could not remember" (39.9%), and the remainder (22.7%) reported they had "never" been shown how to instill drops properly. A large proportion (85.2%) of participants had never asked for advice on drop instillation.
Discussion
It has previously been reported that physicians are not well placed to accurately judge medication adherence 6, 7, 9 and that patients are unlikely to admit to non-adherence within a clinic environment. 8 Self-reported adherence is conventionally disclosed as higher than other measures of adherence, since social desirability compels patients to overestimate adherence. Interestingly, the adherence rate (41.4%) in this study is one of the lowest reported rates using a questionnairebased study. Rees et al 12 and Cate et al 11 used the same medication adherence and found a self-reported adherence of 61.7% (n=107) and 87.8% (n=82), respectively; however, both the studies were conducted in a clinical environment. The present study demonstrates that segregating participants from the clinic environment encourages nonadherence disclosure. While the MGL questions allowed a quick and easy validated measure of adherence, its weakness is the inability to measure the degree of non-adherence. 58.6% of participants scored either a 'low adherence' or 'moderate adherence' score (MGL 0-3), with a significant proportion in the 'moderate adherence' group. These two groups were not quantified in terms of the number of times or regularity with which they missed doses. The 'moderately-adherent' patients could be classed as non-intentional, ie, they simply forgot, whereas the group of low adherence patients (scoring 0-1 on the MGL [4.7% of total]) could indicate more intentional non-adherence behaviors (eg, lack of faith in treatment). These two differing patterns of behaviors need altered approaches to management. Addressing the most commonly reported reasons for non-adherence (eg, forgetting) may simply require patient counseling on the importance of drops, effects of missed drops, and ways to improve future adherence. Patients that are intentionally non-adherent may need a more diverse approach.
No significant associations between adherence and the number of changes in medication regime were found in this study. There was a greater percentage of participants having zero changes in medication' in the 'high adherence' group, however, only 21% of participants overall had two or more glaucoma medication changes, thus limiting the conclusions one can draw from this finding. Of those found to have increased adherence over the previous 6 months, reasons included better instillation techniques, simpler medication regimes, and greater understanding of the disease. Reasons for decreased adherence were a result of drop insertion difficulties and an increase in drop frequency. Participants reported that they are often hesitant to ask for help within a busy clinic environment, particularly if they have been using drops for long term and feel embarrassed or unwilling to admit that they require help with something they should be adept at. When asked if they had ever asked for help with drop instillation, 85.2% said no, and yet comments such as Table 3 Reasons for changes in adherence behavior over the previous 6 months Table 5 Participants' perception of whether they were "happy" with their treatment "always put in a couple of times because of poor aim" and "trouble with aim" show a need for intervention. Assistance could be a productive addition to clinics, with patients given the opportunity to ask questions and receive help for difficulties with topical medication. The present study revealed that there was a larger percentage of participants with the least knowledge of "how their drops worked" and the least knowledge of "what would happen if glaucoma was not treated", in the 'low adherence' group, however this did not reach statistical significance. This is consistent with previous published literature, 23 This aspect is important when addressing adherence, particularly in the group of "intentional non-compliers" who responded with comments including: "Feel like eyes need a rest from drops" and "Do not bother with morning dose", highlighting a lack of knowledge of the consequences of non-adherence. Another notable finding was when asked about whether they "think their eye drops are working"; almost half (46.1%) of the participants "were not sure". This suggests that patients are using drops without any knowledge of whether they are effectively controlling glaucoma progression. Feedback during appointments, such as a written record of their IOP or results of visual field tests, could be a straightforward yet beneficial way of encouraging adherence, demonstrating effectiveness of topical medication. Comments given regarding glaucoma knowledge such as "Would be nice to know what's happening", "More information would help me manage my condition" demonstrates a desire for further communication regarding the disease. However, over half of the participants (54.7%) also answered "no" to wanting more knowledge, with a large proportion remarking they "know enough" or they "trust the doctor". One participant with excellent adherence and good knowledge of glaucoma stated at the end of the questionnaire "I do not think I have glaucoma though, but I use the drops because that's what the doctor tells me".
In the present study, those participants who found their drop regime "hard to follow" had significantly lower adherence, and the group with "no difficulties" demonstrated statistically significant higher adherence. Previous research has reported higher adherence rates with a simpler dosing regime and that a single daily dose results in improved adherence. 19, 35, 35 However, although in the present study there were a greater proportion of participants using one drop daily in the adherent group, no significant associations were noted between adherence and drop frequency. This may have been the result of small numbers recruited in these groups. Surprisingly, there was a significantly larger proportion of participants who had help with drops at home in the the 'low adherence' group. A possible reason for this nonadherence may be a reliance on others to administer drops and consequently involving a third party for whom the importance of the medication may be eclipsed by other priorities.
The comments section of the questionnaire allowed participants to discuss any aspect of the clinic, their treatment, and glaucoma. Although some aspects of the discussion were outside the control of their glaucoma management (eg, parking), there were some insightful discussions. One younger participant suggested, "Counseling should be available for newly diagnosed patients, especially if they are younger". This is a perceptive comment as there is evidence to show that adherence with glaucoma treatment is lower in the first year of diagnosis 35 and counseling to help with the initial distress of diagnosis may help patients persevere with their treatment. Adherence has also been shown to be lower in the younger age groups, often due to a busy lifestyle and work commitments. 14 The present study found that 77.8% of the youngest age group were within the 'low/moderate adherence'. This reinforces the need to educate patients on controlling glaucoma at a young age and soon after initial diagnosis, hopefully preventing progression to visual impairment. Addressing non-adherence requires a multifaceted approach, dependent on the patients' needs, attitudes, and lifestyle. A Cochrane review on interventions to improve adherence to topical hypotensive therapy 35 reported that individualized patient education and care resulted in improvements in adherence. Strategies to address adherence depend on the reasons behind individual non-adherence. The most common reason for non-adherence, "forgetting", may benefit from education on the benefits of reminder techniques and establishing strategies to coordinate drop use with daily events. Adherence can also be improved by using the simplest treatment regime available. The use of once-daily dosing or fixed combination drugs are advised for those who require changes to their medication regime. Despite conflicting comments on the necessity of glaucoma knowledge by participants in this study, provisions should be made available to those who need it. When participants were asked whether they would like more knowledge about glaucoma and its treatment, 45.3% replied that they would. Several patients mentioned that they would like more knowledge, if not for themselves, for their children so they could advise them about future testing. Many also asked about the possibility of genetic testing for family members. This education, for it to be individualized, needs to be in a form other than patient leaflets. Lacey et al 27 found that most patients were dissatisfied with this type of education and prefer alternative formats.
Conclusion
Identifying non-adherent patients and addressing their reasons for not using topical medication consistently are essential at an early stage to prevent progression. Those patients who use drops just before clinic appointments but not consistently in-between appointments may explain why patients progress when they present with IOP in their target range. The use of eye drop monitors is expensive, and monitors are only available for certain medications and therefore are not a viable long-term option. This study has shown the value of administration of a adherence assessment questionnaire by someone independent of the eye care team. A simple validated questionnaire that could be completed by patients on arrival at an outpatient's appointment would allow these "personal" factors of nonadherent to be addressed before a patient leaves the clinic. This would be beneficial not only for glaucoma patients but also for other ophthalmic patients on long-term topical medication.
